Tropical leafy-vegetables (n = 21) indigenous to Cameroon, Africa, were collected, processed, and analyzed 
Introduction
Leafy vegetables have been cited as a potential source of micronutrients [1] . Many types of leafy vegetables are consumed in Africa [2] . Epidemiological studies indicate that increased intake of vegetables is associated with decreased risk of certain cancers, cardiovascular disease, cataract, macular degeneration, and other age-related diseases [3] . In addition to serving as a critical source of micronutrients, leafy vegetables are a rich source of many carotenoids [4, 5] . More than 700 carotenoids have been identified in nature. The most commonly studied include lutein, zeaxanthin, lycopene, β-carotene, α-carotene, and β-cryptoxanthin [6] . Besides the well-known provitamin A activity of some carotenoids [7] , they also function as antioxidants and enhancers of the immune response, and as such are associated with lowered risk of developing degenerative diseases [8, 9] .
Food-based strategies to acquire the health benefits of carotenoids and improve vitamin A intake to meet the 700 and 900 micrograms of retinol activity equivalents required per day for women and men, respectively [10] in deficient populations include identifying carotenoid-rich plants among the commonly consumed foods [7] . In low income countries about 82% of vitamin A must be obtained from a variety of carotenoids in plants [11] . Provitamin A carotenoid bioconversion in the body is estimated to be 12 μg beta-carotene: 1 μg vitamin A (retinol activity equivalent) with much lower values obtained when consumed with oil [12] . Improving vegetable processing and preparation that allow optimal retention of vitamin A activity [13, 14] is important to enable consumers and processors to choose the processing and storage conditions that favor retention of carotenoids for maximum health benefits in addition to overcoming Vitamin A malnutrition.
Traditionally, boiling, squeeze-washing, and sun-drying are practiced, and generally result in the destruction of some nutrients [15, 16] . The composition of carotenoids in leafy vegetables markedly varies with variety and geographic conditions, as well as post-harvest handling practices. Kidmosea and others [17] reported 6630 µg β-carotene/100 g fresh weight (FW) in Moringa oleifera from Taiwan, while Tee and Lim [18] reported 7500 µg/ 100 g FW in the same species from Malaysia. In terms of processing, Wasantwisut and others [19] showed 89% to 90% retention of carotene with 5 minutes boiling of vegetables while Rahman and others [20] found similar retention rates when vegetables were oven-dried or sundried. Destruction of β-carotene and lutein has been shown to be higher when these processing methods were applied [21, 22] . To overcome such variations, data on the composition of carotenoids in leafy vegetables grown in different geographic regions and processed differently are essential.
The purpose of this study was to identify and quantify the major carotenoids in processed and unprocessed tropical leafy vegetables indigenous to Cameroon and other parts of Africa. A reliable carotenoid database will provide information to consumers and public health workers on food sources rich in these pigments.
Materials and Method

Chemicals
Lutein (99%) was a gift from Kemin Industries (Des Moines, IA, USA), β-cryptoxanthin was purchased from Carotenature (Lupsingen, Switzerland), zeaxanthin and β-carotene were purchased from GNC, Inc. (Pittsburg, PA, USA), and α-carotene was isolated and purified from high carotene carrots. HPLC grade methanol, methyltertiary-butyl ether, acetonitrile, dichloromethane, ethanol, hexane, and ammonium acetate were purchased from Fisher Scientific (Fair Lawn, NJ, USA), and KOH was from Mallinckrodt Baker, Inc. (Phillipsburg, NJ, USA), BHT was from ICN Biomedicals, Inc. (Aurora, OH, USA), and β-apo-8' carotenyl decanoate was synthesized as published [23] .
Sample Collection and Preparation
From a survey carried out in Ngaoundéré, Cameroon, to determine the different leafy vegetables consumed in the region and the home-processing methods used, 21 species of leafy vegetables within this region were identified in the Botany unit of the University of Ngaoundere and divided into two based on their availability within the area (group 1 as opposed to the second group, consist of those vegetables that were found in abundance). Between 600 g to 2000 g of each of these leafy vegetables were randomly obtained from 3 different farms early in the morning, when temperatures were below 15˚C, within the region and immediately (within an hour) transported in open baskets to the Biochemistry laboratory at the University of Ngaoundéré for preparation prior to analysis. Common, local, and scientific names of the vegetables in this study are given in Table 1 .
The leaves were sliced into small particles, rinsed under tap water and left 10 min to drain until subjected to different processing conditions based on the amount of fresh vegetable processing conditions based on the amount of fresh vegetable available from the farms i.e., those found in larger quantities (1800 g -2000 g) within the region were subjected to four processing methods while those with lower quantities were only subjected to two methods. Five species were placed in the first group and were each divided into 4 lots. One was left (unprocessed) to dry at 45˚C in an electric oven for 24 hours while the others were subjected to the following: 1) sun-drying, 2) squeeze-washing and boiling, or 3) a combination of boiling in kanwa (a local alkaline salt obtained from the Ngaoun-déré market) and squeeze-washing. For the latter, 450-g portions of fresh samples were boiled in 1 L water containing 10 g kanwa for 10 minutes before squeeze-washing and rinsing. Squeeze-washing and rinsing is a traditional process which involves crushing the vegetable with the hands and squeezing out the water and foam. This is followed by rinsing with fresh clean tap water and squeezing out the water. Data from the survey mentioned earlier were used to determine the traditional concentration of kanwa used in the preparation. The second group of leafy vegetables species were sundried and compared with the unprocessed samples that were ovendried. Sundrying involved spreading the leaves on a light cloth and exposure directly to intense tropical sunlight (30˚C -40˚C), which was 10 hrs daily for two days when the leaves appeared completely dried. The dried samples were stored at -2˚C in airtight containers for a few days then transported to Madison, Wisconsin where they were kept in similar conditions before being ground to powder and assayed. Extraction and HPLC analyses of the carotenoids were carried out in the Department of Nutritional Sciences, University of Wisconsin-Madison, Madison, WI, USA.
Extraction and HPLC Analysis
A modification of the procedure described by Howe and Tanumihardjo [24] was adopted for quantification of carotenoids. Carotenoids were released from dried, powdered vegetables (0.6 g) by heating at 85˚C for 5 min in ethanol with BHT (0.1%, w/v) followed by saponification with 400 µL KOH (80% in water). The suspension was mixed by vortex for 20 s and placed in a water bath (85˚C) for 10 min. The reaction was halted by placing in ice and mixing with 3 mL deionized water. -Apo-8'-carotenyl decanoate was added post-saponification to account for mechanical losses. The mixture was extracted 4 times with hexanes to ensure complete extraction of the xanthophylls and carotenes. The combined extracts were dried under argon, reconstituted in 1 mL 50:50 methanol:dichloroethane and 25 µL was injected onto a Waters HPLC system [C30 YMC TM carotenoid column (4.6 X 250 mm, 3 µm), 1525 binary HPLC pump, 717 plus autosampler, and a 996 photodiode array detector; (Milford, MA, USA)]. The HPLC solvent gradient was: solvent A, methanol: water (92:8, v/v) with 10 mmol/L ammonium acetate and solvent B was 100% methyltertiary-butyl ether. Samples were analyzed at 1 mL/min starting with 70% solvent A and transitioning to 40% solvent A within 30 min.
Lutein (Kemin Industries; Des Moines, IA, USA), β-cryptoxanthin (Carotenature, Lupsingen, Switzerland), zeaxanthin (GNC Inc., Pittsburg, PA, USA), β-carotene (GNC Inc., Pittsburg, PA, USA), and α-carotene (purified from high carotene carrots) were identified and quantified using HPLC-purified standards. β-Carotene quantification included all-trans, 13-cis, and 9-cis isomers. Concentrations of standards were determined spectrophotometrically using their respective extinction coefficients [ : 2592 for β-carotene, 2800 for α-carotene, 2550 for lutein, 2386 for β-cryptoxanthin, and 2348 for zeaxanthin] [25] . Peak identification of all carotenoids was performed by comparing the retention times and absorption spectra with those of the standards. Chromatograms were generated at 450 nm. Certain precautions were taken to avoid losses of carotenoids and other errors during analysis, such as working under gold fluorescent lights, finishing the analysis within the shortest possible time, and cooling the saponified samples before introduction of internal standards.
1% 1cm E The validity of this method was verified with regard to accuracy, linearity and precision. The accuracy was verified by addition of specific amounts of -Apo-8-carotenyl decanoate to a standard vegetable extract and the percentage losses used to adjust possible losses during analysis. To verify the repeatability, the same vegetable was analyzed three times and the mean and deviation presened and comparison done at P < 0.05 levels. To determine the reproducibility of the extraction, a sample was extracted three to five times to ensure complete extraction.
Calculation of Vitamin A Activity
Vitamin A activity, was calculated based on the in vivo conversion factor proposed by WHO where 1 RE corresponds to 6 µg of β-carotene and 12 µg of α-carotene [26] , [27] and results expressed in mg per 100 gDW. Vitamin A activity of 13 cis-β-carotene and 9-cis β-carotene was calculated on the same strength as β-carotene.
Statistical Analysis
Statistical Analysis System software (SAS Institute Inc., Version 8.2, Cary, NC, USA; 2001) was used for data analyses. Processed and unprocessed samples were compared using ANOVA. When the main effect was signifycant, differences between treatments were determined using Fisher's Least Significant Difference (LDS) test. P < 0.05 was considered significant.
Results and Discussion
Carotenoid Contents
The carotenoids identified in the leafy vegetables were lutein, α-carotene, zeaxanthin, β-cryptoxanthin, and all-trans-, 13-cis-, and 9-cis-β-carotene (Figures 1(a)-(d) ). The chromatographic profiles of the carotenoids of the high and moderate carotenoid vegetable groups were almost identical. The major differences among the vegetables appeared to be the levels at which the various carotenoids were present. The predominant carotenoid in all of the vegetables analyzed except H. sabdarifa was lutein that appeared at about 9 minutes. β-Carotene which appeared at 25 minutes, was the second most abundant, which included some 13-cis and 9-cis isomers that appeared at 22 and 27 minutes, respectively, in most of the vegetables. The exceptions were P. purpureum and H. sabdarifa, vegetables classified in the low carotenoid group, which had different relative carotenoid profiles. Lutein predominated in P. purpureum which is not a dark green leafy vegetable and β-carotene predominated in H. sabdarifa (Figures 1(c)-(d) ), which supports previously published data on carotenoids in leafy vegetables [28] .
The mean carotenoid concentrations of the unprocessed and processed high carotenoid leafy vegetables are presented in Table 2 , while those of the moderate and low carotenoid leafy vegetables are presented in Table 3 . Except for P. purpureum and H. sabdarifa, which were low carotenoid vegetables, all leafy vegetables analyzed appeared to be good sources of carotenoids, although their contents varied among species for the unprocessed samples (P < 0.001).
α-and β-Carotene Concentrations
In these oven-dried vegetables, β-carotene made up between 15 and 30% of total carotenoids and the values ranged from 14.67 ± 1.48 in C. maxima to 39.86 ± 2.32 mg/100 g DW in M. oleifera ( Table 2) for group 1 vegetables and between 7.46 ± 0.04 in T. indica to 23.89 ± 0.20 mg/100 g DW in S. melongena for the other vegetables ( Table 3 ). P. purpureum and H. sabdarifa (thin) had lower values for all carotenoids analyzed. Because there are such high concentrations of β-carotene in most of these leafy vegetables, they could potentially be used to help zalleviate deficiencies in vitamin A, which are prominent in most developing countries. Low levels of α-carotene were found in the vegetables, which may be related to the "channeled" conversion of α-carotene to lutein in the biosynthetic pathway through hydroxylase enzymes [29] .
Lutein, Zeaxanthin and β-Cryptoxanthin Concentrations
Lutein values ranged from 33.1 ± 4.8 in H. canibalus to 75.0 ± 3.6 mg/100 g DW in V. colorata for the high carotenoid vegetables ( Table 2 ) and between 1.8 ± 0.7 in H. sabdarifa and 49.9 ± 2.9 mg/100 g DW in S. melongena for the moderate carotenoid vegetables ( Table 3) . Lutein was attributable to >40% of total carotenoids except P. purpureum and H. sabdarifa, which contained 37 and 20%, respectively. Although lutein is not a provitamin A carotenoid, it has antioxidant properties linked to its conjugated double bond structure. The relative ratio of lutein and β-carotene, is fairly constant in leafy vegetables most of these leafy vegetables. Just like Zeaxanthin, lutein is important in the prevention of age related macular degeneration thus prevent age related blindness [30] . Zeaxanthin and β-cryptoxanthin concentrations were lower than lutein (P < 0.05). Some carotenoid concentrations varied with respect to those previously reported [31] [32] [33] , [34] . For instance M. oleifera was found to have 22.89 ± 6.8 mg/100gDW of β-carotene by Lakshminarayana and others [32] as opposed to 39.86 ± 2.32 in the present study. These differences may be related to species, location, degree of maturity at harvest, cultivation, and postharvest handling practices [35] 
Effects of Processing
Sun-drying, squeeze-washing and boiling, and a combination of boiling in kanwa and squeeze-washing, are traditionally practiced in most local communities in tropical Africa. Total carotenoids were lower in most of the processed samples compared with the unprocessed oven-drived samples. Sun-drying is the cheapest and most accessible means of food preservation in developing countries, but considerable losses of provitamin A carotenoids occur. Samples that were sundried were the most affected with most of the species loosing between 10% and 20% carotenoids as indicated by Clydesdale and others [36] . However total carotenoid losses of up to 47% were observed for M. oleifera. Gomez [37] showed that drying conditions resulted in a decrease in the concentration of carotenoids in kale, amaranth, cowpea, and cassava leaves when compared with the unprocessed samples. During the sundrying process, photooxidation of both trans-and cis carotenoids takes place resulting into epoxidation and cleavage to apocarotenals before fragmentations into a series of low mass compounds thus losing their biological activities. From these findings we can infer that oven drying is a better processing technique for carotenoid retention in foods than sundrying. However, in developing countries, oven drying is not always feasible especially in rural area where electricity is either not available or expensive. Sun-drying primarily affected β-carotene, α-carotene, and lutein with a maximum of 73.5% loss of β-carotene in G. africanum. These results are consistent with those of Pesek and Warthesen [38] who showed that only 25% of α-carotene but 75% of β carotene were lost during drying as a result of photooxidation.
Total carotenoid losses due to boiling, boiling and squeeze-washing, and a combination of boiling in kanwa and squeeze-washing, were lower in the species studied with highest loss of 23.6% in H. cannabinus when kanwa was used in boiling before squeeze-washing. These losses are as a result of both boiling and leaching in the presence of a base (kanwa). Baloch and others [39] showed that boiling can cause carotenoid destruction of 5 to 15% due to the inactivation of enzymes like peroxidase and lypoxygenase. Leaching occurred during squeeze-washing and rinsing justifying the increased losses in the present study. Similar observations in both β and α-carotene were found by Mosha and others [22] when traditional processing techniques were applied to amaranth and sweet potato leaves. The concentration of cis isomer of β carotene was usually the same but sometimes differed between the unprocessed and processed vegetables. Processing can increase the percentage of cis isomers in foods [39, 40] . In raw foods, β-carotene is predominantly in the all-trans form, but with blanching, boiling, and exposure to light, isomerization to the cis form increases as most carotenoids are highly unsaturated [41] . The cis form is estimated to have only 38% -53% of the biological potency of the all-trans forms [42] . Losses in the α-carotene in these samples were not as large as that of β-carotene. The alleged low retention values for-carotene can simply be due to the greater ease with which carotenoids of cooked or processed samples can be extracted compared with those of fresh foods. They might also be due to unaccounted moisture and soluble solid losses, which would concentrate and increase the provitamin A levels per unit weight of food. Rahman and others. [20] found 96 to 98 percent retention of β-carotene in two leafy vegetables. For most of the vegetables, no significant differences were observed between the samples boiled with or without kanwa and squeeze-washed (P > 0.05). The effect of boiling with or without kanwa on all the different carotenoids was minimized as the samples were finally oven-dried after these processes.
Vitamin A Activity/Retinol Equivalent
β-Carotene, 13-cis-β-carotene, 9-cis-β-carotene, α-carotene and β-cryptoxanthin are the provitamin A carotenoids analysed in the leafy vegetables. Vitamin A or retinol is essentially one half of the -carotene molecule thus making β-carotene the principal source of vitamin A from these leafy vegetables. The vitamin A activity for these foods were between 1.05 in P. purpureum ( Table 1 ) and 7.08 mg per 100 g in M. oleifera ( Table 2) . Interestingly, most of the vegetables found abundant in the region had high retinol equivalent above 2.8 mg/100 gDW. These values are similar to values obtained from some of their counterparts commonly used in India (Rajyalakshmi and others [44] . The nutritional importance of the leafy vegetables rich in retinol equivalent need to be promoted within the communities to alleviate vitamin A deficiencies.
Conclusions
In conclusion, these tropical green leafy vegetables in unprocessed and processed forms have high levels of many carotenoids, notably β-carotene and lutein. These vegetables have also been shown to possess high retinol equivalents. Although household preparation and processing procedures, such as boiling and drying, help to liberate the carotenoids from their cellular matrix enabling them to be available for absorption, these processes lead to significant losses especially for β-carotene during sun-drying. Nonetheless, many of these vegetables are rich sources of carotenoids that should be promoted by nutritionists and public health workers in the African region to overcome vitamin A deficiencies and age related macular degeneration
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